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(54) Receiver architecture for a multi scrambling code transmission CDiVIA technique 



(57) To provide a higher data rate sen^ice on one 
link, it is possible to use more than one scrambling code 
per linl^. In this way, the same channelisation code can 
be reused and a higher data rate can be supported 
because the highest data rate is restricted by the set of 
channelisation codes with the shortest length. When 
reusing one and the same channelisation code for 
spreading the two different data streams transmitted in 



one link and scrambling these two data streams by two 
different scrambling codes, the complexity of the 
receiver will be reduced. Therefore, the two data 
streams are spread with one and the same channeiisa- 
tion code. After this, each of these data streams is 
scrambled with a different scrambling code. 
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Description 

[0001] The present invention relates to a receiver 
and a receiving method for detecting information sym- 
bols transmitted according to a CDMA technique, s 
wherein the information symbols have been respec- 
tively spread with an identical spreading code and 
scrambled with different scranrtbting codes. 
[0002] CDMA (Code Division Multiple Access) 
transmitting systems are known from the state of the io 
art. According to one CDMA technique, after the modu- 
lation (symbol mapping), the symbols are spread by a 
so-called spreading sequence or spreading code. After 
spreading the resulting data stream is scrambled by a 
scrambling sequence or a scrambling code. The thus 75 
resulting data stream, which has been spread and 
scrambled, is then power-amplified and sent over a 
communication channel. The reverse procedure is 
effected at the receiving side. 

[0003] In Figure 3 an example for a transmission 20 
system comprising scrambling and spreading is shown. 
In the example of Figure 3 only the downlink communi- 
cation channel 26 from a base station 24 to a mobile 
station 25 is shown. The downlink 26 can comprise dif- 
ferent channels D^. Each channel comprises 25 
channelisation (spreading) 28. 30 and scrambling 29, 
31. According to the state of the art in one link, as for 
example the downlink 26 as shown in Figure 3, only one 
scrambling sequence (scrambling code) and several dif- 
ferent spreading codes (often referred to as channelisa- 30 
tion codes) are used depending upon the data rate and 
services required. The drawback of this approach is that 
only certain types of channelisation codes can be used 
together and the highest data rate is constrained by the 
length of the shortest channelisation code. This is espe- 3s 
daily true when codes of different rates are used. 
[0004] From WO96/05668 A1 and EP-A-565 506 
techniques for multiple access coding for radio commu- 
nication is known. According to these documents infor- 
mation symbols are spread using orthogonal or bi- 40 
orthogonal code words. This spread information sym- 
bols are assigned a unique scramble mask that is taken 
from a set of scramble masks having selected correla- 
tion properties. The set of scramble masks is selected 
such that the correlation between the modulo-2 sum of 45 
two scramble masks with any codeword is a constant 
magnitude independent of the codeword and the indi- 
vidual mask being compared. According to one embod- 
iment of WO 96/05668 A1, when any two masks are 
summed using modulo-2 sum arithmetic, the Walsh 50 
transformation of that sum results in a maximally flat 
Walsh spectrum. For cellular radio telephone systems 
using subtractive CDMA demodulation techniques, a 
two-tier ciphering system ensures security at the cellu- 
lar system level by using a pseudorandomly generated 55 
code key to select one of the scramble masks common 
to all of the mobile stations in a particular cell. As 
according to these techniques one common scramble 



mask is used for all mobile stations in a particular cell, 
the above-cited drawback arises that only certain types 
of channelisation codes can be used together limiting 
the number of available channelisation (spreading) 
codes. 

[0005] The generation of spreading codes by a 
code tree is known from Adachi, "Tree-structured gener- 
ation of orthogonal spreading codes with different 
lengths for fooA^ard link of DS-CDMA mobile radio", 
Electronics Letters, January 1997, Vol.33. N0.I. page 
27, 28. 

[0006] A RAKE receiver is for example shown and 
explained in US-A-5677930. Therefore regarding the 
principles of the RAKE receiving technology and the 
meaning of the specific expressions such as "RAKE 
tap" etc. reference is made to said document. 
[0007] Fig. 8 shows a receiving technique known 
from the prior art. It is assumed that one scrambling 
code and a plurality of spreading codes is used to trans- 
mit data according to a CDMA technique. Therefore 
received data is passed to a plurality of RAKE receivers 
40, 41. The provision of a plurality of RAKE receiver, 
however, represent a disadvantage regarding the com- 
plexity and thus the producing costs of the entire 
receiver structure. 

[0008] All known receiver techniques can only cope 
with transmission systems utilizing only one scrambling 
code within one link (uplink or downlink). The present 
invention, however, deals with CDMA transmission sys- 
tems utilizing two or more scrambling codes within one 
link for which up to now no receiver structure has been 
proposed in the state of the art. 
[0009] Therefore it is the object of the present 
invention to provide for a receiving technique adapted to 
cope with CDMA transmission systems utilizing one 
spreading codes and two or more scrambling codes 
within one link (uplink or downlink). 
[001 0] The object as set forth above is achieved by 
means of the features of the independent claims. The 
dependent claims develop further the central idea of the 
present invention in a particularly advantageous man- 
ner. 

[0011] Therefore, according to the present inven- 
tion, a receiver for detecting information symbols trans- 
mitted according to a CDMA technique is provided, 
wherein the receiver is adapted to cope with received 
information symbols which have been spread with iden^ 
tical spreading codes and scrambled with different 
scrambling codes. The receiver thereby comprises a 
modified RAKE receiver. 

[0012] According to the present invention further- 
more a mobile telecommunications device is provided 
comprising a receiver as set forth above wherein the 
mobile telecommunications device can be a portable 
mobile station. 

[0013] According to the present Invention further- 
more a method for receiving and detecting information 
symbols transmitted according to a CDMA technique is 
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provided. A method is adapted to cope with the informa- 
tion synfibots which have been respectively spread with 
an identical spreading code and scrambled with differ- 
ent scrambling codes. According to the method of the 
present invention a plurality of descrambling steps Is 
provided for descrambling an input data bit stream 
respectively with different descrambling codes. In a 
modified RAKE receiving step the output of the 
despreading step is passed to a number of parallel 
streams which are then multiplied by the different 
number of parallel streams which are then multiplied by 
the different descrambling codes before multiplication 
by the estimated channel coefficients. The number of 
RAKE receiver outputs therefore con^esponds to the 
number of scrambling codes used. 
[001 4] Further aspects, advantages and features of 
the present invention will now be explained by means of 
embodiments of the present invention and with refer- 
ence to the enclosed figures of the drawings. 

Figure 1 shows a general view of a wireless trans- 
mission system, 

Figure 2 shows the spreading and scrambling 
respectively for a downlink communication channel 
and a uplink communication channel between a 
base station and a mobile station of the wireless 
transmission station as shown in Figure 1, 

Figure 3 shows the channelisation (spreading) and 
scrambling in a downlink communication channel 
between a base station and a mobile station 
according to the prior art, 

Figure 4 shows the plurality of cells in the transmis- 
sion system, 

Figure 5 shows an application of the present inven- 
tion to provide for higher data rate services. 

Figure 6 shows a receiver according to the present 
invention designed for a multi scrambling code 
CDMA technique. 

Figure 7 shows the internal structure of a RAKE 
receiver modified according to the present inven- 
tion, and 

Figure 8 shows a known receiver for a CDMA tech- 
nique utilizing a plurality of spreading codes and 
only one scrambling code per link. 

[0015] A transmission system according to the 
present invention will now be explained generally with 
reference to Figure 1. As shown in Figure 1, different 
data can be transmitted in a wireless manner. The data 
to be transmitted can comprise voice data from a tele- 
phone 1, 23, digital video data, for example, from a 



video camera 5 to be transmitted to a monitor 20 and 
other digital inlbrmatlon data, as Ibr example, data from 
a computer 6 to be transmitted to another computer 19. 
The analog voice data from a telephone 1 are A/D-con- 

5 verted 2, voice coded 3 and then supplied to a channel 
encoder 4. The data, for example, from a video camera 
5 or from the computer 6 are also supplied to the chan- 
nel encoder 4. The different data, for example, the voice 
data and the video data can be transmitted simultane- 

10 ously The data from the channel encoder 4 are given to 
a interleaver 7 and then supplied to a modulator 8 pro- 
viding for a symbol mapping. The modulated data from 
nrKxJulator 8 are then spread 9 and scrambled 10, which 
will be explained later on in detail. The spread and 

75 scrambled data are amplified 1 1 , and then transmitted 
over a wireless transmission path 12. 
[0016] On the receiving side, the received data bit 
stream is downconverted in a baseband downconvertor 
13. The downconverted data output from the baseband 

20 downconvertor 13 are digitized in an A/D converter 14 
and input to correlator 16*. The correlator 16' can be a 
cyclic correlator or a taped delay line. The incoming 
received chip stream is correlated by the correlator 16' 
by all of the different cyclic shifts. By means of the cor- 

25 relation the con-elator 1 6* detects correlation peaks rep- 
resenting delays corresponding to estimated path 
delays t1. t2, ... of a multipath propagation channel. 
The amplitudes of the detected correlation peaks repre- 
sent the amplitudes and phases of the estimated paths. 

30 The output signals of the con'elator 16' are both sup- 
plied to a channel estimator 15 and a descram- 
bling/despreading unit comprising a RAKE receiver 16. 
The descranrMing/despreading unit 16 comprising a 
RAKE receiver is supplied with estimated tap coeffi- 

35 cients (channel estimates) from the channel estimator 
15. The output of the RAKE receiver in the descram- 
bling/despreading unit 16 is passed through a deinter- 
leaver 17, a channel decoder 18, a voice decoder 21 
and is then D/A converted in a D/A converter 22. Finally 

40 the analog data is output on a terminal such as a tele- 
phone 23. Obviously digital data can be supplied 
directly from the channel decoder 18 for example to a 
video monitor 20 or a computer terminal 19. 
[0017] With reference to Figure 2, particularly the 

45 scrambling procedure will now be explained in detail. 
[0018] In Figure 2 the communication between a 
base station 24 and a mobile station 25 is shown. Par- 
ticularly the downlink channel 26 from the base station 
24 to the mobile station 25 and the uplink channel 27 

50 between the mobile station 25 and the base station 24 
are shown. The downlink channel 26 and the uplink 
channel 27 comprise different subchannels Di...D|st, 
Dv...D|sj'. A first subset of the subchannels of the down- 
link channel 26 can for example be used for voice data 

55 and other subchannels can be used for the simultane- 
ous transmission of video data. The data from the base 
station 24 are channelised (spread) with different 
spreading codes 

^channol 1 ^channel N» Which are 
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mutually orthogonal or bi-orthogonal 28, 30. The spread 
data are then scrambled 29, 31 with scrambling codes 
Cscrambie L ••.Cscrambie M- Therefore Scrambling codes 
which are different, but need not to be mutually orthog- 
onal or bi-orthogonal. are used within the same link, for s 
example, the downlink 26. (The orthogonality require- 
ments are satisfied by the spreading codes.) 
[0019] For the uplink 27, either the same scram- 
bling codes C^cramble 1 CBcramble M in the Case Of 

the downlink 26, or another group of scrambling codes 10 

C^crambiG V Cscrambie M' Of, as generally the uplink 

channel 27 demands for the same high bit rate as the 
downlink channel 26. even just one scrambling code 
can be used. 

[0020] As it has already been set forth above, the is 
downlink channel 26 or the uplink channel 27 can com- 
prise subchannels for video and/or voice transmission. 
Different scrambling codes can be allocated for the 
scrambling of the channels demanding for a high bit 
rate, as it is the case, for example, for the transmission 20 
of video data. For transmission of, for example, voice 
data, only one scrambling code can be used. 
[0021] Regarding the details of the spreading and 
scrambling process, particularly the modulo-2 sum 
operation for the scrambling at the transmission side 25 
and the multiplying operation for the descrambling at the 
reception side, the above-cited documents WO 
96/05668 A1 and EP-A-565 506 are incorporated by ref- 
erence. Particularly Figures 1 and 2 In the correspond- 
ing description (page 14 to page 19) of WO 96/05668 30 
A1 are incorporated by reference. 
[0022] The spreading codes can be generated for 
example by a code tree. This technique is known from 
/\dachi, "Tree-structured generation of orthogonal 
spreading codes with different lengths for fonward link of 35 
DS-CDMA mobile radio", Electronics Letters, January 
1997, Vol.33, N0.I, page 27. 28, which is incorporated 
herewitii by reference. 

[0023] Orthogonal spreading codes with different 
lengths can be generated by a tree-structure for orthog- 40 
onal multiplexing of fonward-link code-channels of differ- 
ent data rates in direct sequence code division multiple 
access DS-CDMA mobile radio. Thereby codes of the 
same layer of the tree constitute a set of Walsh func- 
tions and are orthogonal. Furthermore, any two codes 45 
of different layers of the tree structure are also orthogo- 
nal except for the case that one of the two codes is a 
mother code of the other. 

[0024] As it has already been set forth in the Intro- 
ductory portion, when only one scrambling code (or so 
long code) is used per link, there are restrictions of the 
combinations of codes which can be used for the 
orthogonal codes (see Adachi et al.) These restrictions 
may prevent a user from being allocated to a certain 
channel. These restrictions are especially Important for ss 
high data rate users. Furthermore the highest data rate 
is restricted to the shortest orthogonal code. 
[0025] As according to the technique set forth 
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above, two or more scrambling codes are assigned to 
one link (one user), the following advantages are 
achieved: 

- the highest data rate is increased since the data 
rate can be split over at least two scrambling codes. 
Therefore a higher data rate sen^ice on one link 
(uplink or downlink) can be provided by using a plu- 
rality of scrambling codes witiiin one link. In tiiis 
way the same channelisation codes (spreading 
codes) can be reused and a higher data rate can be 
supported because the highest data rate is 
restricted by the set of channelisation codes 
(spreading codes) with the shortest link. 

[0026] By only using two scrambling codes (M=2) 
per link (user), the total number of available channelisa- 
tion codes (spreading codes) can be doubled and the 
maximum data rate can also be doubled. 
[0027] Figure 4 shows a symbolized cell distribution 
of a wireless transmission system. One cell is sur- 
rounded by six other hexagonal cells C2 C7. A total 

number of, for example, 512 different scrambling codes 
can be used. To avoid interference between adjacent 
cells, tiie total number of 512 scrambling codes can for 

example be divided by 7 and each cell C7 can be 

allocated a subset of said scrambling codes. Different 
users within one cell can use different scrambling codes 
allocated to tiie respective cell. 
[0028] As it has already been set fortii above, one 
scrambling code can be used in conjunction with a set 
of channelisation codes (spreading codes) depending 
upon tiie required data rate and services required. Adja- 
cent base stations can use different scrambling codes 
and every base station uses a set of scrambling codes 
to maintain different links in each cell. 
[0029] To increase the flexibility of code assignment 
and increase the usage of the codes and tiie code tree, 
it is proposed to use as an option more than one scram- 
bling code per link. 

[0030] Figure 5 shows an application of tiie tech- 
nique set forth above. According to Figure 5 the tech- 
nique is used to provide an increased data rate, for 
example, for a WCDMA system. To increase tiie data 
rate normally in WCDMA one or both of the following 
approaches are required: 

- reduction of processing gain, and 

- increase of chip rate (enhanced bandwidth) 

[0031] By utilizing the scheme as shown in Figure 5 
tiie data rate can be increased by combining more ttian 
one scrambling code. The example shows the data rate 
at 4 Mbit/s, but obviously higher rates can be achieved 
by using more tiian one scrambling code. 
[0032] Now a receiver technology according to the 
present invention for a transmission system utilizing 
CDMA nfKXiulation, a plurality of spreading codes per 
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link and only one scrambling code per link will be 
explained with reference to Fig. 6. The receiver technol- 
ogy implements the descrambling and despreading 
shown in figure 1 and designated by the reference sign 
16. 

[0033] The receiver technology as shown with refer- 
ence to Fig. 6 is designed to cope with transmission 
systems utilizing more than one scrambling code per 
link to alleviate the problem of channelisation code 
restriction and also to provide a higher data rate service 
on one link (uplink or downlink). In this way the same 
channelisation code can be reused and a higher data 
rate can be supported because the highest data rate is 
restricted by the set of channelisation codes (spreading 
codes) with the shortest length. When reusing one and 
the same channelisation code for spreading the two dif- 
ferent data streams transmitted in one link and scram- 
bling these two data streams by two different scrambling 
codes, the complexity of the receiver can be reduced as 
shown with reference to Fig. 6 as complex RAKE receiv- 
ers can be suppressed as according to the present 
invention only one RAKE receiver 16 is necessary 
[0034] With reference to figure 7 the internal struc- 
ture of a modified RAKE receiver according to the 
present invention will be explained. 
[0035] As it has already been explained, the RAKE 
receiver 16 is supplied (additionally to the information 
bits) both with delay information t1, t2 ip corre- 
sponding to the position of the con-elation peaks 
detected by the correlator 16* and tap coefficients (esti- 
mation values) from the channel estimator 15 input to a 
multiplication circuits 51 of the RAKE receiver 16. 
[0036] As shown in Rg. 7 the output signals of the 
correlator 16' are supplied with corresponding delays 
t1 , t2, .... Tp provided by a delay line 42, 43 to a plurality 
of so called RAKE taps of the RAKE receiver 16. (In fig- 
ure 8 two RAKE taps are depicted for a schematic rep- 
resentation of the RAKE receiver. Generally the RAKE 
receiver comprises n RAKE taps and (n-1) delay units, 
n being an integer larger than 1). The delays xl, t2, 
Tn correspond to the estimated delays of the multipath 
channel as they are detected by the correlator 16'. 
[0037] In figure 7 two RAKE taps are shown sche- 
matically. Generally the receiver comprises n RAKE 
taps, n being an integer larger than 1 . Each of the RAKE 
taps comprises despreading units 44,45 using common 
chanelisation codes. The output of the despreading 
units 44, 45 is respectively divided into a plurality of par- 
allel streams wherein the number of streams corre- 
sponds to the number of different scrambling codes 
used per link. Each of tiie parallel streams is passed to 
a con^esponding descrambling unit 46. 47, 48, 49 multi- 
plying the output of the despreading units 44,45 by the 
respective scrambling code used in the sti-eam. In each 
RAKE tap comprising one despreading unit 44, 45 a set 
of k descrambling units 46, 47, 48 ,49 is provided, the 
descrambling units belonging to the same set being 
respectively supplied witii the output of tiie same 



despreading unit, k thereby is an integer larger than 1. 
Each set of k descrambling units 46, 47, 48 ,49 uses the 
same k descrambling codes used in the link. Therefore 
in each RAKE tap tiie output of ttie respective 

5 despreading unit is descrambled with ttie same set of k 
different descrambling codes . 
[0038] The output of the descrambling units 46, 47, 
48, 49 is tiien respectively passed to an adding circuit 
50 summing up all chips of a symbol. 

10 [0039] The respective outputs of the adding circuits 
50 is then passed to multiplying circuits 51 where they 
are multiplied witii the complex conjugate of tiie esti- 
mated channel coefficients supplied from tiie channel 
estimator 15. Respectively n (number of RAKE taps) 

15 outputs of the multiplying circuits 51 are tiien combined 
in one RAKE combiner 52 as shown in figure 52, 53. 
The RAKE combiner 52,53 output the signals outputi, 
oulputk. 

[0040] Respectively one RAKE combiner 52, 53 is 
20 provided with the output of n, in the shown example two. 
multiplying circuits belonging to different RAKE taps 
(different despreading units) but at the same time 
belonging to streams witii descrambling units using tiie 
same descrambling code. Therefore, in tiie example 
25 shown in figure 7, k RAKE combiner 52, 53 are provided 
corresponding to the number of streams of one RAKE 
tap and hence to tiie number k of different scrambling 
codes used per link. For example, the RAKE combiner 

52 combines n outputs of tiie parallel streams having 
30 been descrambled in the descrambling units witii the 

same scrambling code Cscrambi- ^® RAKE combiner 

53 combines n outputs having been descrambled in the 
descrambling units witii tiie same scrambling code 

CsCRAMBk- 

35 [0041] With Other words, on the receiver side, see 
figure 7. the incoming data is passed to a delay line (two 
delay units 42, 42 are depicted in figure 8) which forms 
part of a modified RAKE receiver. From specific delays 
of the delay line, tiie signal is despread using tiie com- 

40 mon channelisation codes and then furtiier split into a 
number of streams conresponding to the number of 
scrambling codes used in the link. Each stream is then 
multiplied by the respective scrambling code used in the 
stream and tiie resulting signal is passed to tiie complex 

45 conjugate of tiie estimated channel coefficient supplied 
from tiie channel estimator 15 and then passed to a 
RAKE combiner. 

[0042] Therefore the present invention provides for 
tiie following advantages: 

so 

lower complexity of the receiver structure, and 
- more efficient usage of tiie available RAKE receiv- 
ers. 

55 Claims 

1. Receiver for detecting information symbols trans- 
mitted according to an CDMA technique. 
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according to which CDMA technique the infor- 
mation symbols are respectively spread with a 
common spreading code and scrambled with 
different scrambling codes, on the transmission 
side. 5 
the receiver comprising: 

- at least one despreading unit (44. 45) for 
despreading an input data bitstream 
respectively with said common spreading io 
code, and 

- a set of k descrambling units (46. 47. 48. 
49) per despreading unit (44. 45). k being 
an integer larger than 1, repectively k 
descrambling units (46, 47. 48. 49) being 75 
supplied with the output signal of one 
despreading unit (44, 45). 

2. Receiver according to claim 1 , 

characterized in that 20 

a plurality of despreading units (44. 45) is pro* 
vided and input data are supplied to the 
despreading units (44, 45) by means of a delay 
line (42, 43). 2S 

3. Receiver according to anyone of claims 1 or 2, 
characterized in that 

a channel estimator (1 5) is provided generating 30 
channel estimation values. 

4. Receiver according to claim 3, 
characterized in that 

35 

a correlator (16*) is provided supplying correla- 
tion based data both to the input of the receiver 
(1 6) and of the channel estimator (1 5). 

5. Receiver according to anyone of claims 3 or 4, 40 
characterized in that 

it comprises multiplying circuits for multiplying 
data based on the output of a descrambling 
unit (46. 47. 48. 49) with the channel estimation 45 
values supplied from the channel estimator 
(15). 

6. Receiver according to claim 5, 

characterized in that so 

a plurality of RAKE combiner (52. 53) is pro- 
vided being respectively supplied with the out- 
put of n multiplying circuits (51) associated with 
different despreading units (44. 45) but with 55 
descrambling units (46. 47. 48, 49) using the 
same descrambling code, wherein n is the 
number of RAKE taps and larger than 1 . 



7. Receiver according to claim 6, 
characterized in that 

a number k of RAKE combiner is provided, k 
being the number of different scrambling codes 
used per link and being larger than 1 . 

8. Mobile communications device, 
characterized in that 

it comprises a receiver according to anyone of 
the preceding claims. 

9. Mobile communications device, 
characterized in that 

it is a mobile station for a CDMA transmission 
system. 

10. Method for detecting information symbols transmit- 
ted according to an CDMA technique. 

according to which CDMA technique the infor- 
mation symbols are respectively spread with a 
common spreading code and scrambled with 
different scrambling codes, on tiie transmission 
side, 

the method comprising tiie following steps: 

- despreading (44. 45) an input data bit- 
stream respectively with saki common 
spreading code, and 

- a set of k descrambling step (46, 47, 48, 
49) per despreading step (44, 45). k being 
an integer larger than 1, repectively k 
desaambling steps (46, 47. 48, 49) being 
supplied with the output of one despread- 
ing step (44. 45). 

11. Method according to claim 10, 
characterized in that 

a plurality of despreading steps (44, 45) is pro- 
vided and input data are supplied to tiie 
despreading steps (44, 45) after having been 
passed tiirough a delay line (42, 43). 

1 2. Metiiod according to anyone of claims 1 0 or 1 1 , 
characterized in that 

a channel estimation values are generated. 

13. Metiiod according to daim 12, 
characterized by 

a correlation step (1 6*) for supplying correlation 
based data both to the receiving step (16) and 
to the channel estimation value generation step 
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(15). 

14. Method according to anyone of claims 12 or 13, 
characterized by 

5 

the step of multiplying data based on the output 
of a descrambling unit (46. 47, 48, 49) with the 
channel estimation values supplied from the 
channel estimation value generation step (15). 

10 

15. Method according to claim 14. 
characterized by 

a plurality of RAKE combining steps (52, 53) 
respectively supplied with the output of n multi- is 
plying steps (51) associated with different 
despreading steps (44. 45) but with descram- 
bling steps (46. 47, 48. 49) using the same 
descrambling code, wherein n is the number of 
RAKE taps and larger than 1 . 20 

16. Method according to claim 15. 
characterized in that 

a number k of RAKE combining steps is pro- 2S 
vided. K being the number of different scram- 
bling codes used per link and being larger than 
1. 
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